Controlling the Part

e Static Bits

e Serial and Parallel Interfaces
e Starting up the Part

e Changing States

e Waiting for the Part

ROOS INSTRUMENTS
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DB Lines

e Static digital control

e Serial bus

e Parallel bus

e L eakage (low current) measurements
e ESD diode check (force current)

ROOS INSTRUMENTS
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Serial/Parallel Bus Control

e DUT Defined or "Brute Force"

e DUT Defined Contained in Dut
Instrument

¢ Single Button Programming
e Allows Descriptive Names
e DUT buttons created

ROOS INSTRUMENTS
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Parallel Bus

e Establish Port Size

e Set Type to State

e Map DUT pin to DB line
e Add States

e Establish Default State

ROOS INSTRUMENTS

& Parallel Port

Hame |Gain Mode

-Map

Port Bit --> DB Line

1 --»5 T
size  [2
Type |5tate =

]
DB Line G I-
Bit 1 is Port LSB [T
_fj
~States
¥High Gain 00 - =
Mid Gain 01 | Add | ‘ Edit |
Low Gain 11
J |DefauLti ‘Deletel
0K | Cancel |
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Dut Parallel Port

e Dut Object Created

e Put in Test Plan

ROOS INSTRUMENTS

E8  C:\RIAPPS\testsys\BTVH3IIO Editor (7 ]

Instrument Measurements Help

YIS Dt Serial/ Parallel Porlp
Dut ! g
DutControl
gainCompression
intermod
1QMeter
noisef igure

#t] High Gain |
hfid Gain
Lo Gain
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Serial Port Basics

Clock l I

| |
- |
|

Strobe

Data

t=0 NVO 1110100
Data: MSB First Data: 01110100 Binary

Clock: Positive 116 Integer
Strobe: Negative, Long

ROOS INSTRUMENTS
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H

Serial Port Basics
Fields

e 16 Bit Bus

e Frequency Field
e 1st Bit: Bit 10

e Size: 3 Bits

e 8 Potential States

ROOS INSTRUMENTS

Bit 1 Bit 16
MSB LSB

0010000101101

Freq1 000
Freq2 001
Freq3 010

Freq8 111
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H Rl Serial Definitions

e Bit order 1 thru N (no bit 0)
e Bit11s MSB
e Bit 1/MSB is on Left

Bit 1 Bit 16
MSB LSB
0010000100101101

ROOS INSTRUMENTS
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H Serial Port Basics
Registers

e Serial Bus can be Multiplexed into Registers
e Bits are Allocated to Register "Address”
e Specific Address Changes Field Definition

e Allows Expansion of Serial Capability

ROOS INSTRUMENTS
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Serial Port Basics

Registers
Bit 1 Bit 16 _
0010000100101111 Address Blts._15and16
00 Allows 4 Registers
01
@10 00100001001011
~~
0010000100101101
\_{}_| \_{}J Atten. Field Register 0

Freq. Field Register 1 Bits 7-11

Bits 10-12

ROOS INSTRUMENTS
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H Programming Serial Port

e Select Serial Type
e Dut Defined/Local/I2C/13C

e Assign Static Digital Resources

e Clock
e Data
e Strobe

e Define Dut

ROOS INSTRUMENTS



H Fast Serial Control

e Standard Serial: 60 KB/Second

e Fast Serial: Up to 2.5 MB/Second
Fast I2C: Up to 600 KB/Second

e Specific Digital Resources
e Read: DB 1 or 9, Write: DB 2 or 10

e Clock; DB 3 or 11
e Must be adjacent

e New "Serial Clock Period" Button

ROOS INSTRUMENTS



Static Digital Resources

B C\RIAPPS\lesisys\BTVHIIO Editar oz bl
Instrument hMeasurements  Help
SineGen +||device DB ||i|| |
Source]
® Ty p e Source? measure
Source3 12C Serial
() Sourced
Re a d Src120utput
StaticDigital
® CIOCk ﬁustﬁmd
esthea
L ak=] i ﬂ ﬂ
[ Data SERIAL TYPE

DUT Defined

e Strobe

SERIAL SI7E SERIAL DIRECTION

8] sk first

SERIAL DATA

S TROBE 1

SERIAL CLOCK POLARITY

positive
STROEE 2 SERIAL STROBE POLARITY SERIAL STROBE LEMNGTH
Mohe positive short
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Static Digital Resources

e Assign DB Lines

ROOS INSTRUMENTS

g Serial_Paiallel Zeid

_File Edit TesiPlan Tester Limits Opfions Help Debug

Test Plan Settings - ‘ Comuil
’7 Global Defaults Pﬂ
Disconnect Settings Fh a
Connect Sequence s
Hanani
|
StatioDidital  StatioDigital | - e
G DIGH SERIAL TYF| [Hone o
Dik1 - Db1
DUT Dt
I & Dh? ﬂ
DATA o
Dk2 Db5
Dbb
STROBE 1 EE; =
Maone
| select | cancel
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Dut Definition

T
° Styl e 11 [ serialStdFormat: =
: -Bit Order Clock Pulse -Strobe Pulse

@ Blt Order M5B First » Positive | Positive » Long

® CIOCk » L5SB First ) Hegative ‘e Hegative | Short

e Strobe Pulse | Fiets

Hame Register Type

e Strobe Length

E Add
Edit
«| Delete
ok | Cancel

ROOS INSTRUMENTS
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| Register Addressing

e Register: Reg00
e Type: Constant
e Bits 15 and 16

ROOS INSTRUMENTS

B et

Hame Reg00Addr Register |Reg00
Ist Bit Location  [15 Size 2
Type Constant =
- Slates
00 - _ Fr
Al e
Defau[tl Dmlete
j &
OK | Cancel
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Fields in a Register

e Reg00 Links to Register O
e Field: Starts Bit 7, 5 bits Wide

e Type: State B seialield
e Add States w/Bits| "™ [tten Register  [Reg00
e Set Default Tat Bit Location [/ size  [5

Type [state E

- States

Min Atten  0DDOD 7 ,_
* Max Atten 11111 | Add | | Edit
ﬂ | Default | Delete

o] oo

ROOS INSTRUMENTS
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DUT Serial Port

e DUT Created
e Put in Test Plan

ROOS INSTRUMENTS

E8 C\RIAPPS\iestsys\ETVH3I] Editor ] T

Instrument  Measurements Help

Aux Source Dut Serial/Parallel Port sta
DutControl

gainCompression
intermod
IQMeter
noiseFigure
Power¥l

A

Receiver

GAIN MODE

High Gain

FREGUEMNCY

Fradgi

ATTEN (e
| Min Aften |

Mzx Attel  Max Aften
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DB Lines Description

e Switch between Von. Voff, Open
¢ 16 lines, 2 banks

e 4 voltage supplies

¢ 1 Precision Multimeter

e 2 MA limit

o +/- 10V

ROOS INSTRUMENTS



Schematic

ROOS INSTRUMENTS
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Measuring Leakage Current or
ESD Diode Voltage with DB Lines

e Select voltage or current measure
mode

e Set Opposing Limit (V or | Hard Limit)
e Set Measure Max. (sets Resolution)
e Set DB pin to Open

e Select DB pin to be Measured

ROOS INSTRUMENTS
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Leakage Current Measurement
4 DBCurentand VollageMeas [

ROOS |

_File Edit TestPlan Tester

Limits

Dptions

Help Debug

Connect Sequence
Test Section: DC Tests
Conditional Statement

Section Defaults

Test: Low level Current Test

Test: ESD Diode Check

4

Hepan

|
Staticigital Statichigital StaticDigital StaticDigital
MEASURE MODE MEASURE WV FORCE CURRENT MEAS MAX MEASURE [ LIMIT
Imeas 3 1000 U 1000 u
StaticDigital StaticDigital StaticDigital Systam
MEASURE PIN DB 1 MEAS SAVE AMPS
Bi s Gurrent R 6] Leakage current
MNOTE

lide 22



ROOS |

Dlode Volitage Check

Cunnect Sequence
‘Test Section: DC Tests

. Conditional Statement
section Defaults

Test: Low level Current Test

| Test: ESD Diode Check e

4
staticDigital StaticDigital StaticDigital StaticDigital

MEASURE MODE WMEASURE | FORCE MEASURE | LIMIT MEASURE W LIMIT

vieas 1000 u 1000 u 1
StaticDigital StaticDigital StaticDigital Systemn

MEASURE PIN DE 2 MEAS SAVEWOLTS

DE2 QpEn
3 Woltage E{ E Diode Voltage




Source & Measurement
Performance

e Absolute Power

e Relative Power

e S parameters (Amplitude and Phase)
e Noise Figure

e Phase Noise

e Baseband (Amplitude and Phase)

e Oscope/Digitizer Measurements

e DC Voltage and Current

ROOS INSTRUMENTS
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Production Testing
Typical Performance

o DUT Measurement Performance
o LNA Noise Figure <1.0dB
o |[PA CDMA ACPR1 <-60 dBc

CDMA ACPR2 <-70 dBc

e Mixer Noise Floor <-150 dBm/Hz

ROOS INSTRUMENTS
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Production Testing
Typical Performance

e DUT Measurement Performance

e PLL/VCO Phase Noise <-115 dBc/Hz
100 kHz offset

e Dividers  Frequency <1 Hz resolution
to 20 GHz

ROOS INSTRUMENTS
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Production Testing
Typical Performance

e DUT Measurement Performance

¢ |/Q Mod Phase Match <0.1 degree
Amplitude Match <0.025%
LO Rejection <-60 dBs
Image Rejection <-70 dBs

e [/Q Demod Phase Match <0.1 degree
Amplitude Match <0.1 dB

ROOS INSTRUMENTS
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Selecting the Correct System
Resource

e RF Resources
RF2 3,6&7, RF4&5andRF 8

e Base Band Resources
WF2 &3 WF6&7and WF 8

e DC Resources
VCC1-6,DP1-16,VI1-3 &
VM 1-4 & 1N - 4N

e Digital Resources
DB 1-8and DB 9 - 16

ROOS INSTRUMENTS
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Defining Device, Device Interface,
Fixture & Tester Resources

e Start with the Device

e Device

e DUT Board & Device Interface
e Test Fixture

e Test Head

e Tester Resources

ROOS INSTRUMENTS
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Testhead Set-Up

IR CARLPRIRESC BTMIIORING e e R
Instrument Measurements Help
Sourced NRF Sowp | :
Src12 0utput J]_measurements A o
StaticDigital pulse control
System
Testhead |
vna ﬂ|
Waveform
| A
RF 2 bl ] REC ATTENUATION LOAD STATE
3 REE
= Odb load
BF 3 SOURCE { MODE
RECEINWE MODE
racalve BRlleR
s parameatars
INPUT PORT
el PARAMETER
: B &
Facana a1
RF 7 QUTPUT PORT
recaive RiG
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@ Roos Instruments, Inc - RIT100A

I] RF Block Diagram, Test Head

1222169
RF5 RFB RF2 RF3 RF& RF7T RF4

Low
Band
Source
(SRC1 LO)
Source 2

Source 3 Eﬂ] Hﬂf:::“'

Input

Source 1
(SRC1 HI) Eﬂj—L:

Sta
Noise 10 dB AltEF".I'I. :—@—ﬂ:ﬂj
Recaiver
Source 1 High
Inpul
Noise
Source 2

@:Elﬂn’tm-mmhaninal Switch.
&ll others are electronic.
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Port Set-Up

ROOS IN

Teasthaad

HE2

sro 3

[

ErE

receive-sic 1

Testhaad

Band
Source
{SRC1 LO)

Source 1
{SRC1 HI) Eﬂ:’—L:

10dB

PF 3

Teasthe

ad

sIc1-noise

RF &

Testhead

recaly

src1-nojse

RFE 7

Facs|ve

sic1-noise |
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Stimulus

5 RF& HF2

soun:a
(SRC1 LO)
Source 2 '

Source 3

Source 1
(SRC1 HI) Eﬂ:b—|{

Toym 10dB
&
Source 1 P

Testhaad

RF 3
RF 5
RF &
RF T
Load

SOURCE 1 MODE
| source | soupm
Sod noise

ROOS INSTRUMEN'TS

Slide 33



Recelve

(SRC1 LO)

Source 2

RF8 RF2

Source 1
{SHG1H“[ith_E

10d8

ROOS INSTRUMENTS

Testhead
OUTPL
| RI3
P& Rig
| Rib
| RET

Teasthead

for=Ts'

LDAD E-\.T_l-_TJ.__J —
_source 1 |

reflect
load
receiver

i

Receiver

Low
Input

Teasthead

PFECEIVE MODE

S pararm eterJ

ref noise
receijver

High
Input

Tasthead

'u'er

PEC ATz

agdﬂ 10db
: 20db
| 30db

11 kT (:IN
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Sampled Waves ..

INPUT PORT Pﬂﬂﬂwmm‘
Rf 3 bﬂ f
{ 1
! b2
RFS5 RF8 RF2 RF3 RF& R RF4 Tasthaad
Lon T QUTPUT PORT
Band
:snﬁﬁ"ﬁ%‘i Hi 6
4 4 1
Source 2 a Db 2 a B 2
—h
Source 3 Eﬂ:l—ﬁ T AAaE ] ™ Wa) Hﬁwm
J_L_rlr‘ L1 J_I_W I_I_T—‘ Input
12 11 21 22

Source 1
(SRC1 HIy Eﬂ:b—|_:

10dB

|seivee s e[ H
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SRC12 Output

SOURCE 1 ATTM

Dol

SOURCE 2ATTH

[¥ls]s]

0 dbm

SOURCE 1 AMP

OFF

SOURCE 2 AMP

OFF

IMTERMOD POWER SPACIMNG

oodb

SOURCE OUTPUT MODE

B C\RIAPPS\testsys\BTVH3I] Editor B el ||
Instrument Measurements Help
SineGen Blstae [ 2
Sourcel
Source?
Source3
Sourced |
StaticDigital .
System
Testhead
vna
Waveform i | i || El
INTERMOD TRACKING
OFF
IMTERMOD FREQ SPACING
0 mhz
AL POWER

SOURGCGE 1 OUTPUT MODE

Combined to s 1

high krand
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SRC12 Output

@ Roos Instruments, Inc

Il Block Diagram, Source 1/2 Output Module
RI726XA
12/22/99

ource 2
Source 2 _| s NCI::IJ LEjNC |—:IJ Low
S 7l 1 BH ] R | o
—] [— ource
50 (SRC1 LO)
’_E Cﬂj Source 2
Source 3 Eﬂj Cﬂj Source 3
Source 4 Cf—T 1 Source 4
Source 1 Eﬂ:ﬂ—JJ L=
M Source 1 LE HeE _:IJ o combiner 1
EH Stﬁunélgn’ ; | —I:j NC
4:@ [SSB#EGI'I‘I}
Notes:
i
TFREOA: ﬁlﬂw&s
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SRC12 Control

Sre 2 Dutput
SOURCE 2 AMP
Sted 2 Output Sred 2 Qutput
SOUBCE 2 ATTH OFF SOURCE 1 OUTPLT MGDI%
hicth band high band
Delks ! e
v ] 0% Ddin
Source 2 NG :IJ LE:] HC |
Source 2 Eﬂ:ﬂ—l: Stwuhélgn, | 71— mﬂ
_}l ’—E_ — &“#E"Lm
\\ \ Cﬂ:l Source 2
ﬁuumaatﬂj /: ] Source 3
Source 4 Eﬂj \ \ / Eﬂ:l Source 4
Source 1 Eﬂj—:lJ —
mc[ s?wfﬁa 1 LE:] MG —:IJ o combiner g
8 0 i - o e
 —~
Sourde 1
(SRCTW}

S 2 Ogtput

SOURCE 1 ATTM OmM Srel 2 utput
Sirel 2 Cutput l \ G
A UX POWER ok | SCURCE OUTPUT MO

i WD st 1 Combined to sic 1
Intermod to src 1

~ Auxtosicl
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Receiver State

noisefFigure
Oscilloscope
Power¥Yl
Reclo
SineGen
Sourcel
Sourced

é

Help

measurements

B4 C:\RIAPPS\testsys\BETVH3ID Editor = d |

Instrument  kieasurements

FEEQUEMNCY
1000 Mhz

NPT

A-2(A-20input

IF BW

4 Mhz

IF GAIN
0

=l
ME< SIDE I SPACING
high 1 Mhz
SAMPLES
1
MEAS RATE
20000 Hz

ROOS INSTRUMENTS

Slide 39



H Receiver Block Diagram

@ Roos Instruments, Inc - RIT100A

Block Diagram, Receiver,

[

RI7322A
2/22/99

ROOS INSTRUMENTS

Slide 40



Receiver Control

Recaier |
INPLIT :
. I 21— 22l]u(1. 1‘; 20 Ir|_l||1]m} _______ Receier R
A -2(1-20 inpu ) :’np::‘ 2 LF. Amplifier Board Few | [ Complex Detector Board
X 5 21.4 MH /
off I z ERTT q HhI Noise
cal \ T Khz

Hecenel 2% |
| FGAl gpe |, — - - """ -7 = - -

o4 32

Eﬂ: dd Cutput
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In Class Exercise - Define the
Fixture & Tester Resources

|
LNA

ROOS INSTRUMENTS

Slide 42



Class Example - Test Head Set-Up

Teasthaad
HF 2 I
sro 3 receive-sic 1

Testhe

ad

Band
Source
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Teasthead
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SOURCE 1 MODE
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I
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Input

Teasthead
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Test Fixture Example

CBS 16 1 CB3 RFE
L j.; }NA' : e
) ! 42 o
L
LNA
CB4
RF3 -
E
|
o
oy J4 .
1 CB2
— i
Jiz D'H“—
=
1_“’1 RF7
J& Dl‘““—
BUF

RF2 %
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Test Plan - Comments, Guidelines
and Suggestions

e Optimizer - Optimizes over Test Section
e Tester Viewer - Tester Reset Conditions
e Only add state buttons that are needed
e Changes cost time and money

e Data is displayed in the order listed & not
displayed in the order performed

e Parameters set by LVs must be reset in the
Disconnect Settings panel

ROOS INSTRUMENTS

Slide 45



H Test Plan - Comments, Guidelines
and Suggestions

e The tester is very fast changing state
e Your part may not be fast, add Pauses
e The tester will find unstable DUT states

ROOS INSTRUMENTS
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H Test Plan - Comments, Guidelines
and Suggestions

e Fewer Test Sections better than more

e More simple test panels are better than
fewer complex test panels

e Duplicate test states/conditions when
ever possible

e Be consistent about where you place
buttons in a test panel

ROOS INSTRUMENTS
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Test Plan - Comments, Guidelines
and Suggestions

e IMD Tests - more Receive Attn is better
e Noise Figure - Use 0 dB Rec Attn.

e Set DB Current Limit = DB | Meas Makx.
e Set VI Current Limit > VI | Meas Max.

e RF Sources - Optimum levels +/-5 dBm
e DMSG - Optimum levels <-5 dBm

e RF Off is <-30 dBm

ROOS INSTRUMENTS
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H Organizing Your Test Plan

e Define 1st RF state in Global Defaults
e Add Fixture ON to Global Defaults

e Define general test conditions in
Section Default Panels

e Define DC tests in 1st or last Section
which require the RF Sources to be off

e Define DC tests in 1st or last Section
which require the DUT to be turned off

ROOS INSTRUMENTS
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H Organizing Your Test Plan

e Define special startup sequences in the
Connect Sequence panel or in the 1st
Test Section

e Write the tests in the order listed on
your test list

ROOS INSTRUMENTS

Slide 50



H In Class Exercise

e List different ways to Speed-up your
Test Plan

ROOS INSTRUMENTS
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Speeding-up Your Test Plan

VCC Changes & DC Measurements: < 2 msec.
RF Measurements: <30 msec.

RF Frequency Moves: <20 msec.
Switching RF Mechanical Switches: >30 msec. & Expensive
Minimize RF Source and Receiver Frequency Moves
Minimize/Eliminate RF Mechanical Switch Changes:
Changing RF Ports from Source to Receive or Receive to Source
Changing RF Source 1 and RF Source 2 RF Attenuators
Wide IF Filter Measurements are faster than Narrow |IF Measurements
Typically use 16 or less Averages for RF Measurements
Typically use 32 or less Averages for DC Measurements
Fast RF Measurements: S parameters, RF Power and Phase
Slow RF Measurements: ACPR, Noise Figure, Intermods & Harmonics
Setting a Parameter to a Local Variable Value Requires a Mini-Compile

ROOS INSTRUMENTS
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Speeding-up Your Test Plan

The Optimizer only Optimizes the Tests in a Test Section
Oscope vs. Receiver Measurements
If the RF Receiver can make the Measurement, use the Receiver
Receiver is faster with better Frequency Range & Dynamic Range
Oscope is designed to measure Pulse Characteristics:
Rise/Fall Time, Period, Duty Cycle, etc.
Receiver is designed to measure Complex Signals:
Amplitude, Phase, Noise, Power, Frequency, etc.
ltems to Set in Global Defaults
Receiver Frequency Tracking to Source 1 or System
Test Head Parameter to b2
RF Ports to Receive or Source
Receiver IF Gain
Source 1 Frequency & Level to first RF Stimulus Signal
Source 2 Frequency & Level to the first IM Stimulus Signal

RO0S9HLER FTERyency & Level to the first LO Stimulus Signal
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Speeding-up Your Test Plan

Turning On and Off a RF Source is fast

Switching Source 1 Mode to Noise is faster!

Use Source 1 Mode button to Isolate Source 1 & 2 from DUT

Don't use Source 1 & 2 Attenuation to Isolate Source 1 & 2 from DUT

Use b1 to measure LO Leakage at the DUT's RF Input

Use Source 1 "back door" for S22 Measurements

Look at Compiled Delta Settings to Improve Test Speed

Look for changes in Receiver & Source Frequency, Attenuator & Test Head
Settings, etc.

Minimize Test State changes by making test conditions exactly the same for
as many measurements as possible including: RF Stimulus Levels,
Frequencies, Receiver Settings, DC Levels, Current Limits, Ranges, Etc.
For IM measurements, leave RF Source 1 at the standard stimulus
Frequency, this saves 2 RF Frequency Moves

Remember DC measurements set the Receiver and the RF Sources to

their Default Frequencies
ROOS INSTRUMENTS
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